ABSTRACT Heat shock genes are highly evolutionarily conserved and are expressed to varying degrees in all organisms in response to stress. Heat shock 70 (hsp70) genes have been well characterized in a number of organisms, most notably Drosophila melanogaster, but not as yet for any of the major arthropod-borne viral mosquito vectors. To identify hsp70 genes in the yellow fever mosquito, Aedes aegypti (Diptera: Culicidae), basic local alignment searches of the Ae. aegypti genome were performed using D. melanogaster Hsp70 protein sequences as query. Two clusters of six previously unannotated AaHsp70 genes were identiÞed and found to be organized into three pairs of nearly identical open reading frames, which mapped to two genomic scaffolds. Consistent with a designation as heat shock genes, no detectable level of expression of AaHsp70 genes was observed under normal rearing conditions (28ЊC), with robust expression observed with a heat shock of 37Ϫ39ЊC. Northern analysis showed heat-inducible expression of putative AaHsp70 genes at all life stages and in all tissues tested in a time-and temperature-dependent manner. Monitoring of AaHsp70 gene expression levels in Þeld-caught Ae. aegypti may serve as a general marker for stress. In addition, promoter sequences from AaHsp70 genes may be used to control the expression of transgenes in an inducible manner.
Aedes aegypti is a signiÞcant vector of disease agents, capable of transmitting the viruses that cause yellow fever, dengue fever, and the more severe dengue hemorrhagic fever (Tatem et al. 2006 ). According to the WHO (2008) , 2.5 billion people are at risk from dengue, with 50 million dengue infections worldwide each year. In 2007 in the Americas alone, there were 890,000 dengue infections, 26,000 of which were dengue hemorrhagic fever cases (WHO 2008) .
Aedes aegypti is one of the most highly studied arthropods, not only for its importance as a vector of disease but also because of its ease to rear in the laboratory (Severson et al. 2004) . With sequence data available for both Ae. aegypti and Anopheles gambiae, comparative genomics is an important tool for understanding vector biology. Comparative analysis with Drosophila melanogaster will also lead to better understanding of each of the mosquito genomes (Waterhouse et al. 2008) .
Heat shock protein 70 (Hsp70) genes are members of a highly conserved gene family, with proteins related to D. melanogaster hsp70 found in prokaryotes and higher and lower eukaryotes (Craig 1985 , Mukhopadhyay et al. 2003 . The chaperone proteins encoded by these genes are responsible for preventing the cytotoxic aggregation of denatured proteins, as well as for the refolding of denatured proteins (Bettencourt and Feder 2002) . Expression of hsp70 genes is induced by various stresses including heat, anoxia, and exposure to ethanol and chemical treatments including sodium arsenite, cadmium chloride, and sodium salicylate (Craig 1985 , Tanguay 1988 , Li and Werb 1982 , Liu et al. 1994 . D. melanogaster hsp70 genes are well characterized and serve as a reference for comparative genomics studies of hsp70 genes of other organisms (Severson et al. 2004 , Waterhouse et al. 2008 .
DmHsp70 promoter sequences are commonly used to drive the expression of exogenous gene products, to induce transposition events, and also for gene function studies in D. melanogaster Lindquist 1989, Wimmer 2003) and heterologous systems such as B. mori (Uhlirova et al. 2002 , Dai et al. 2007 ). The DmHsp70 promoter has also been shown to drive transgene expression in cultured mosquito cells (Zhao and Eggleston 1999) . However, for some applications, an endogenously derived promoter may prove to be more useful than a heterologous promoter, particularly with respect to genetically modiÞed mosquito strategies where limiting the amount of non-native DNA is critical.
Aedes aegypti is the best-characterized species within the subfamily Culicinae (Nene et al. 2007) . A joint sequencing effort between the Broad Institute and The Institute for Genomic Research (TIGR) resulted in eight-folds coverage of the Ϸ1.3-Gb Liverpool genome (Lobo et al. 2007 , Nene et al. 2007 . Before the completion of the Ae. aegypti genome sequencing project, a putative AaHsp70 gene was used by Fulton et al. (2001) as a marker for single-strand conformation polymorphism (SSCP) analysis based on an unpublished submission to GenBank. Isoe et al. (2007) also identiÞed a putative AaHsp70 gene. This gene, however, was found not to be heat inducible (Isoe et al. 2007) , suggesting that it may be a heat shock cognate instead. Heat shock cognates are closely related to heat shock proteins but are constitutively expressed and are not part of the stress response pathway. Last, a gene identiÞed as hsp70 was annotated on genomic scaffold 1.116 and mapped to the p-arm of chromosome 3 (Nene et al. 2007 ). However, uncertainty remains as to the nature and accuracy of these preliminary annotations. In this paper, we deÞnitively identify and describe the expression pattern of novel hsp70 genes from Ae. aegypti. We also present evidence that all three previous reports of AaHsp70 genes were actually descriptions of a heat shock cognate gene orthologous to D. melanogaster Hsc70-4.
Materials and Methods
Mosquito Strains and Rearing. Aedes aegypti (Liverpool strain) mosquitoes were maintained at 28ЊC and 80% RH with a photoperiod of 16 h of light and 8 h of darkness. Larvae were fed pulverized Þsh food and reared Ϸ300 per pan in 4 liters of reverse osmosis (RO) puriÞed water until pupation. Adult mosquitoes were maintained on sucrose and were blood fed using artiÞcial membrane feeders and deÞbrinated sheep blood (Colorado Serum Company, Denver, CO).
Amplification and Cloning of AaHsp70 Genes. AaHsp70 genes were ampliÞed from Liverpool strain genomic DNA using Platinum Pfx polymerase chain reaction (PCR; Invitrogen, Carlsbad, CA) (2ϫ Pfx ampliÞcation buffer, 0.3 mM dNTPs, 1 mM MgSO 4 , 0.3 M primers, 1ϫ enhancer solution, 1 U Platinum Pfx DNA polymerase). Genomic DNA was digested with either SacII or BglII to separate inverted hsp70 gene pairs. All attempts to amplify hsp70 genes from undigested mosquito DNA were unsuccessful, presumably because the nearly identical open reading frames and 5Ј regions would be expected to form hairpin structures during the ampliÞcation process. Gene regions for putative AaHsp70Ba, -Bb, -Ca, and -Cb were ampliÞed using SacII digested genomic DNA from male Ae. aegypti (94ЊC, 5 min; 94ЊC, 30 s, 60ЊC, 1 min, 68ЊC, 3 min, 35 cycles; 68ЊC, 10 min), and putative AaHsp70Aa and -Ab were ampliÞed using BglII digested genomic DNA from male Ae. aegypti. AmpliÞed AaHsp70 genes were cloned using KpnI restriction sites added to the primers used for the original ampliÞcation. Primers used to amplify AaHsp70 gene regions are listed in Table 1 . Plasmids containing open reading frames from each gene were sequenced using ABI BigDye Terminators v 3.0 (Foster City, CA).
Mosquito Heat Shock Regimens. Groups of adult female Ae. aegypti mosquitoes (n ϭ 35Ð 40) were heat shocked in a prewarmed oven Ϸ3Ð5 d after eclosion. Each heat shock lasted 1 h at a predetermined temperature ranging from 35 to 41ЊC in 2ЊC increments, with Ϸ80% humidity (35 Ϯ 0.3, 37 Ϯ 0.6, 39 Ϯ 0.8, and 41 Ϯ 0.4ЊC). Mosquitoes were permitted to rest at 28ЊC for varying amounts of time ranging from 30 min to 24 h after the heat shock regimen. Once the predetermined resting period was over, mosquitoes were harvested into microcentrifuge tubes and snap frozen in liquid nitrogen to preserve RNA. Third-and fourthinstar larvae and pupae were heat shocked using a 37ЊC water bath for 1 h and were permitted to rest for 30 min before being snap frozen. Groups of adult males were heat shocked for 1 h at 39ЊC and allowed to rest for 30 min before being snap frozen. The temperature during heat shock was monitored and veriÞed using a HOBO data logger (Onset Computer, Bourne, MA).
Northern Analysis and Rapid Amplification of cDNA Ends. Total RNA (5 g) from each experimental group was electrophoresed in a 1.2% agarose, 1ϫ MOPS (0.023 M 3-morpholinopropane sulfonic acid, 0.3 mM NaOAc, 0.2 mM EDTA), and 2% formaldehyde gel at 90 V. RNA was blotted onto a positively charged nylon membrane (Immobilon-NY ϩ ; Milllipore, Concord, MA). Blots were prehybridized at 65ЊC in pre- P]dATP (speciÞc activity 3000 Ci/mmol) using the Amersham Megaprime DNA Labeling System (GE Healthcare, Buckinghamshire, United Kingdom). The speciÞc activity of the probes was determined using a BeckmanCoulter LS6500 Multi-purpose Scintillation Counter. Probes were puriÞed using illustra NICK columns (GE Healthcare) and added to prewarmed ChurchÕs buffer to hybridize overnight at 65ЊC. Blots were washed twice with 2ϫ saline-sodium citrate (SSC) and 0.1% sodium dodecyl sulfate (SDS) for 20 min each at 65ЊC and twice with 0.2ϫ SSC (0.03 M sodium chloride, 0.003 M sodium citrate) and 0.1% SDS for 20 min each at 65ЊC. DNA templates to be radiolabeled as probes for Northern analysis were generated from putative 3Ј-untranslated regions (UTRs) of AaHsp70 gene paralogs and from sequence common to all 12 putative AaHsp70 genes. The common probe was ampliÞed using One Step RT-PCR (50ЊC, 30 min, 95ЊC, 15 min; 94ЊC, 30 s, 60ЊC, 30 s, 72ЊC, 1 min, 35 cycles; 72ЊC, 10 min) using primers (5Ј-TTGGTTGATGTGGCTCCACTCTCATTGG-3Ј and 5Ј-TTGTGCTCGAACTCGTCCTTCTCG-3Ј) and optional Q solution (Qiagen, Valencia, CA). To generate DNA fragments speciÞc for pairs of AaHsp70 paralogs, a portion of each putative 3Ј UTR was ampliÞed using One
Step RT-PCR and the following primers: AaHsp70Aa (5Ј-AAGTTGACTAAATTGAGTTGAGATACGAGAC-TGAATGAG-3Ј and 5Ј-TTGTTATAGTTTATTTTCG-TGAAAACATTCTACTTATGATTAC-3Ј), AaHsp70Ab (5Ј-AGGAGAAGTGAATGAGACTGAATGTTTTAGT-AGAG-3Ј and 5Ј-AACCTTATTCTCTAAGGCTTATGT-CAGCAATTCC-3), AaHsp70Ba (5Ј-AATTGGGTT-GACAAACGAGACTGAATGAG-3Ј and 5Ј-TACAAC-GATAATAATTGCAAATACGATCTACGAATCC-3Ј), AaHsp70Bb (5Ј-TTGAGGAAGTCGACTAAAGCGAA-TGGAGAGG-3Ј and 5Ј-TTCGTAAAAACAAGCTG-TACACATTAAATAACTTTCTAAC-3Ј), AaHsp70Ca (5Ј-TTGAGGAAGTCGACTAAAGTGAATGGAGCG-3Ј and 5Ј-AACAAGCTCAACATAATAGGAACATTA-ACAAACTTCC-3Ј), and AaHsp70Cb (5Ј-TTGAG-GAAGTGGACTAAGTATATCAAGGCATTTAAACC-C-3Ј and 5Ј-AAGCATTAGCTTGAGTCGTCAATCTT-TAAGATTACTG-3Ј). Gene fragments were cloned using the same oligonucleotide primers with added KpnI recognition sites in the same manner as the open reading frames. To generate cDNA for use in rapid ampliÞcation of cDNA ends (RACE) reactions, the Promega PolyATtract mRNA Isolation System was used to purify total RNA extracted from 60 female Liverpool Ae. aegypti. To perform 5Ј and 3Ј RACE, the Clontech (Mountain View, CA) SMART RACE ampliÞcation kit was used with gene-speciÞc primers: for 5Ј RACE (5Ј-CGATTTCCTTGGTCGT-TGGCGATGATTTCC-3Ј, 5Ј-CGATTTCCCTGGTCGT-TGGCGATGATTTCC-3Ј, 5Ј-CGATTTCCCTGGTCG-TTGGCAATGATTTCC-3Ј) and for 3Ј RACE AaHsp70Aa
AaHsp70Ca (5Ј-TTCGAGCACAAGATGCAAGAGCT-GAGTCG-3Ј), and AaHsp70Cb (5Ј-ATCAGCTGGC-CAGCAAGGAGGAAATGGACC-3Ј).
Phylogenetic Analysis. AaHsp70 gene sequences have been deposited in GenBank and are available using accession numbers FJ177309-14 and are listed in Table 2 . Other sequences used for phylogenetic analysis include Anopheles gambiae Hsp70 genes AGAP004582 and AGAP012891, as well as AgHsc70B, ENSANGP00000017398; and D. melanogaster genes (Sim et al. 2007) . ClustalW parameters used to align Hsp70 protein sequences were pairwise gap opening penalty of 10, pairwise gap extension penalty of 0.1, multiple gap opening penalty of 10, and multiple gap extension penalty of 0.2 with negative matrix. A linearized neighbor-joining tree was produced using MEGA 4.1 (Tamura et al. 2007 ).
Results

AaHsp70
Gene Organization. To identify hsp70 genes in Ae. aegypti, we performed tBLASTn searches of the Ae. aegypti genomic scaffolds using the D. melanogaster Hsp70Aa protein sequence. Eighteen putative genes were identiÞed with an expected cut-off value of 0 (Table 2 ). The predicted protein sequences of 17 of the 18 genes (one sequence contained major gaps that prevented in silico translation) were used to backquery the D. melanogaster gene set, and the best match for each is reported in Table 2 . Of the 18 genes, 12 were a best match for D. melanogaster hsp70. Six of the putative AaHsp70 genes mapped to genomic supercontig 1.680 (Table 2 ; Fig. 1 ), located on chromosome 1 (Nene et al. 2007) , with a second cluster of six putative AaHsp70 genes on the unmapped supercontig 1.824 (Table 2 ; Fig. 1 ).
Putative AaHsp70 protein sequences were compared with An. gambiae (AgHsp70) and D. melanogaster (DmHsp70) genes and cognates using ClustalW and a neighbor-joining tree was produced (Fig. 2) . The putative AaHsp70 genes formed an independent set of clades from An. gambiae and D. melanogaster hsp70 genes, consistent with the notion that hsp70 genes have undergone several independent duplication events in each of these organisms. To determine whether the sequences previously annotated as AaHsp70 (Fulton et al. 2001 , Isoe et al. 2007 ) corresponded to the same gene sequences we describe here, or to a novel set of genes, we performed BLASTn searches using GenBank deposited nucleotide sequences as a query against the Ae. aegypti genomic supercontigs (Nene et al. 2007 ). Both DQ453756 (Isoe et al. 2007 ) and AI658418 (Fulton et al. 2001) were found to map to genomic supercontig 1.116 (positions 1031943Ð1032601 and 1032458 Ð1035831, respectively) . An open reading frame was detected in this region and the predicted protein sequence was used as a query to search the An. gambiae and D. melanogaster genomes using tBLASTn. As shown in Table 2 and Fig. 2 , the heat shockÐlike gene identiÞed on supercontig 1.116 is most closely related to AgHsc70B and DmHsc70 -4, suggesting that the most appropriate annotation for this gene is AaHsc70 -4.
As the two clusters of six AaHsp70 genes were near identical to each other, we focused the rest of our analysis on the cluster located on scaffold 1.680, where the sequence assembly was of higher quality with fewer gaps. To document the exact start and stop of transcription of AaHsp70 transcripts, we performed RACE. Ninety-Þve percent of 5Ј RACE clones (35/37 clones) supported a consistent start of transcription, which was found to be 182 bases upstream of the start of translation for AaHsp70Aa and AaHsp70Cb, 181 bases upstream for AaHsp70Ba, AaHsp70Bb, and AaHsp70Ca, and 180 bases upstream for AaHsp70Ab. Multiple 3Ј RACE products were sequenced for each AaHsp70 paralog, with the longest most abundant clone assumed to represent the end of transcription. The 3Ј-UTRs were found to be far more variable in length than the 5Ј region, with AaHsp70Ab (14/21 clones) being the shortest (135 nt 3ЈUTR), followed by AaHsp70Ca (4/7 clones, 145 nt), AaHsp70Aa (5/8 clones, 150 nt), AaHsp70Bb (6/11 clones, 150 nt), AaHsp70Ba (3/4 clones, 208 nt), and AaHsp70Cb (9/9 clones, 282 nt). Each of the six putative open reading frames was nearly identical in length, with AaHsp70Aa, -Ab, -Ba, and -Bb at 1,914 nt; AaHsp70Ca at 1,911 nt; and AaHsp70Cb at 1,908 nt. To better resolve the within-cluster phylogenetic relationship of AaHsp70 genes, Geneious software (Biomatters, Aukland, New Zealand) was used to produce a ClustalW alignment of putative AaHsp70 gene transcripts (Fig.  3) . Open reading frames of AaHsp70 genes were found to be 77Ð96% identical at the nucleotide level, with AaHsp70Cb being the most divergent. The 5Ј untranslated regions of putative AaHsp70 genes were found to share 88% nucleotide identity, whereas the 3Ј-UTRs share only 38% identity. Pairwise comparisons between putative AaHsp70 genes showed that AaHsp70Bb and AaHsp70Ca were most similar, with Ͼ95% identity at the nucleotide level (Table 3) . No other strong pairwise relationship was evident as AaHsp70Aa, AaHsp70Ab, and AaHsp70Ba were essen- tially equally similar to each other (93.5%), whereas AaHsp70Cb was equivalently divergent from the other Þve genes (Table 3) . This is in agreement with the protein alignment presented in Fig. 1 , where three AaHsp70 clades were also identiÞed (Aa, Ab, and Ba; Bb and Ca; and Cb).
Expression of AaHsp70
Genes. To conÞrm our bioinformatic annotation of this cluster as true heat shock genes, we next sought to determine whether mRNA expression could be induced through exposure to heat shock. Female Ae. aegypti were exposed to heat shock regimens with temperatures ranging from 35 to 41ЊC in 2ЊC increments for 1 h. Total RNA was harvested at various times after exposure to heat shock and was subject to Northern analysis using a probe capable of hybridizing with putative AaHsp70 genes but not the closely related heat shock cognates (Fig.  4) . Expression of AaHsp70 mRNAs was induced to various extents in all heat shock regimens, whereas no expression was detected in control mosquitoes not subjected to heat shock (Fig. 4) . The highest levels of expression were observed after exposure to 39ЊC, with only modest induction occurring at 35ЊC and heat shock transcripts detected only up to 2 h after heat shock. After heat shock at 37ЊC, AaHsp70 transcripts were detected up to 24 h, although expression did not match that seen at 39ЊC. AaHsp70 expression at 41ЊC could not be documented because all mosquitoes died during the 1-h heat shock regimen.
Multiple copies of genes with the same function can indicate inactive evolutionary remnants (Ingolia et al. 1980 ). Thus, it was possible that not all of the AaHsp70 genes we identiÞed were still active or responded to heat shock identically. Indeed, at least one of the AaHsp70 genes (Bb') contained deleterious frameshifts. To document the expression levels of each putative AaHsp70 gene, we repeated our heat shock regimen with female Ae. aegypti heat shocked at 39ЊC for 1 h. After a rest period of 0 Ð 4 h, total RNA was extracted and Northern analysis was performed using six paralog-speciÞc probes derived from the unique 3ЈUTR of each gene. Of the six putative AaHsp70 genes we examined, at least Þve showed detectable expression by this method, with only AaHsp70Ab failing to produce a detectable hybridization signal (Fig. 5) . The highest levels of expression were observed for AaHsp70Aa, AaHsp70Ba, and AaHsp70Ca transcripts, with weak expression seen for AaHsp70Cb (Fig. 5) . In D. melanogaster, hsp70 genes are expressed ubiquitously throughout the body of the ßy after heat shock. To document any tissue speciÞcity of putative AaHsp70 genes, RNA from heat-shocked Ae. aegypti heads, salivary glands, thoraxes lacking salivary glands, ovaries, midguts, as well as from heat-shocked larvae, pupae, and males was subject to Northern analysis using a probe capable of hybridizing with AaHsp70 genes but not the closely related cognates. As expected, robust expression was observed after heat shock in all tissues tested (Fig. 6A) , in all life stages, and in male mosquitoes (Fig. 6B) .
Discussion
The basic arrangement of hsp70 genes in Ae. aegypti closely resembles that of D. melanogaster (Gong and Fig. 4 . Expression levels of AaHsp70 genes increase with heat shock temperature. Female Ae. aegypti were heat shocked at temperatures from 35 to 39ЊC, and total RNA was hybridized to a 32 P-labeled probe common to all AaHsp70 genes. All blots were hybridized simultaneously to ensure equivalent exposure and probe normalization (speciÞc activity ϭ 5.4 ϫ 10 7 CPM). Control mosquitoes (cnt) were not heat shocked. Ethidium bromideÐstained rRNA loading controls are shown below each blot. Northern analysis was performed using a 32 P-labeled probe derived from the 3Ј untranslated regions of AaHsp70 paralogs. Exposure times were standardized based on speciÞc activity of each probe (7.3 ϫ 10 7 Ð3.0 ϫ 10 8 CPM). Mosquitoes were heat shocked at 39ЊC, and control mosquitoes (cnt) were not heat shocked. Ethidium bromideÐstained rRNA loading controls are shown below each blot. Golic 2004) and An. albimanus (Benedict et al. 1993) , with a pair of nearly identical open reading frames organized as an inverted pair. We have successfully identiÞed two clusters of three such pairs in close proximity in the Ae. aegypti genome. Although the presence of these two clusters of six AaHsp70 genes would indicate that this mosquito has up to 12 hsp70 paralogs, the fragmented nature of the genomic assembly does not allow us to rule out the possibility that these two clusters are allelic variants. Phylogenetic analysis of AaHsp70 genes compared with hsp70 genes from D. melanogaster and An. gambiae showed a pattern of divergence in which both Ae. aegypti and An. gambiae genes diverged from D. melanogaster before duplication of the ancestral inverted pair within each species, as predicted by Benedict et al. (1993) . DmHsp70 genes are grouped at two loci on the right arm of chromosome 3 with the Þrst inverted pair separated by Ϸ1.7 Kb, followed by three or four genes at the second locus organized with one gene proximal to the centromere separated by Ϸ40 Kb from two or three tandem genes of inverted polarity (Craig 1985, Gong and Golic 2004) . It is believed that a duplication of the evolutionarily ancient, highly stable two gene cluster lead to the current organization of DmHsp70 genes, with tandem duplications leading to the Þfth and sixth genes allowing D. melanogaster greater thermotolerance and niche expansion (Bettencourt and Feder 2001) . It is possible that multiple copies of AaHsp70 may also contribute to the distribution and heat tolerance of Ae. aegypti. DmHsp70 genes are separated by large amounts of repetitive DNA resulting from transposable S-elements, and these are thought to have played a role in the duplication of heat shock genes from two to four in Drosophila (Bettencourt and Feder 2001 , EvgenÕev et al. 2004 , Gong and Golic 2004 . The Ae. aegypti genome is highly repetitive, with Ϸ70% of the genome being transposable elements/repetitive DNA (Nene et al. 2007) . At least two duplication events of the ancestral hsp70 gene two gene pair seem to have occurred in Ae. aegypti after divergence from both D. melanogaster and An. gambiae, and these may have occurred by similar mechanisms and for similar reasons. Unlike Drosophila, however, whose two pairs of heat shock genes are separated by Ͼ500 kb (EvgenÕev et al. 2004) , and An. albimanus, whose two pairs are separated by Ϸ20 cM (Benedict et al. 1993) , all three pairs of AaHsp70 genes were spaced within a span of 42 kb. Because the scaffold 1.824 is unmapped, the spacing between the two clusters of AaHsp70 genes remains unknown. In addition, unlike hsp70 genes described in An. albimanus, Ae. aegypti hsp70 genes were not found to be more closely related within each inverted pair compared with between pairs (Benedict et al. 1993) . It is possible that the differences we observed between the AaHsp70 genes are the result of gene inactivation followed by drift rather than being a strict footprint of inheritance. Ultimately, we cannot draw Þrm conclusions at this point as to how the ancestral two-gene pair evolved into the six gene clusters we observed. Future studies of hsp70 genes from other members of the genus Aedes would likely provide additional insight.
The putative Ae. aegypti heat shock cognate identiÞed as AaHsp70 by Isoe et al. (2007) was mapped to Expression in speciÞc tissues (A) and life stages (B) was analyzed by Northern analysis using a 32 P-labeled probe designed to hybridize to all AaHsp70 genes. Tissues were dissections from female Ae. aegypti that had been heat shocked at 39ЊC for 1 h or kept at 28ЊC as controls (C). Tissues include whole body (WB), head (H), salivary glands (SG), thorax without salivary glands (T), ovaries (O), and midguts (M). RNA from males (Z), third and fourth instar larvae (L), and pupae (P) heat shocked at 39ЊC for 1 h was used for the life stage study. Ethidium bromideÐ stained rRNA loading controls are shown below each blot. supercontig 1.116 on chromosome 3 (Nene et al. 2007 ). However, when we compared this sequence to the D. melanogaster genome, the best match is actually a heat shock cognate, a closely related gene that is constitutively expressed and not heat inducible. As shown in Fig. 2 , the cognate identiÞed by Isoe et al. (2007) forms a separate clade with cognates from both D. melanogaster and An. gambiae, further supporting the idea that this gene may be a heat shock cognate. Gene annotations are often the result of predictions based on homology before complete genome sequencing. However, examples such as this underscore the importance of conÞrming such predictions before experimentation.
To balance the beneÞts of hsp70 gene expression under stress conditions with detrimental effects of expression under normal conditions, DmHsp70 genes have been found to be self-regulating (Craig 1985 , Lindquist 1986 ). DmHsp70 genes are targeted for degradation by signals in the 3Ј-UTRs, and under normal conditions, hsp70 transcripts are rapidly degraded (Petersen and Lindquist 1989, Feder et al. 1992) . In cultured D. melanogaster cells, induced expression of DmHsp70 genes under normal conditions was deleterious to cells and resulted in a decreased growth rate (Solomon et al. 1991 , Feder et al. 1992 . Extreme temperatures induce long-lasting synthesis and very stable DmHsp70 mRNA, whereas at lower temperatures, expression proceeds until heat shock proteins have accumulated to a level proportional to the severity of heat shock before further transcription is repressed (Lindquist 1986 , Nover 1991 . AaHsp70 genes were found to exhibit a similar expression pattern, since under extreme heat shock conditions (39ЊC) high levels of expression are initiated rapidly and transcript was detected up to 24 h after heat shock, whereas expression of hsp70 transcripts was less robust and short lived under a more modest heat shock of 35ЊC (Fig. 4) .
Induced mRNA expression levels were found to vary among the AaHsp70 paralogs we examined. Interestingly, the Þrst gene of each inverted pair seemed to be expressed preferentially over the second (see Figs. 1 and 5), with AaHsp70Aa Ͼ AaHsp70Ab, AaHsp70Ba Ͼ AaHsp70Bb and AaHsp70Ca Ͼ AaHsp70Cb. Also, this expression seemed to be proportional, so that the highest/lowest level of expression was observed from the AaHsp70Aa/Ab pair and the next highest/lowest expression from AaHsp70Ca/ Cb, followed by AaHsp70Ba/Bb, which had almost equivalent expression between the two genes. The reasons for this are currently unknown, but may be related to the positioning of replication complexes during transcriptional pausing. In D. melanogaster, RNA polymerase II is constantly bound upstream of the start of transcription to maintain an open chromatin conÞguration (Karpov et al. 1984 , Craig 1985 because heat shock genes must be available for near immediate action under stress conditions. This conÞguration is likely to occur in Ae. aegypti as well and is consistent with the observation of high levels of AaHsp70 expression detected immediately after 37ЊC and 39ЊC heat shocks. Although we could not detect AaHsp70Ab expression by Northern analysis, RACE transcripts were recovered for this gene, indicating some level of transcription.
AaHsp70 genes are expressed in all life stages and in all tissues tested in response to heat shock. Therefore, isolating heat inducible AaHsp70 promoter elements would be valuable for transgenesis and gene function studies, particularly when it is important to minimize the presence of exogenous sequences. Further studies of AaHsp70 regulatory regions would make such studies possible in Ae. aegypti. Hsp70 gene expression also serves as a marker for stress, and monitoring levels of AaHsp70 gene expression in wild populations could serve as a physiological indicator at the population level.
